Use of phosphine to fumigate stored foodstuffs is likely to become more widespread owing to both its effectiveness and its rapid desorption (13) . Phosphine is a gas which is released from aluminum phosphide on contact with water vapor in the air. It is a strong insecticide (1, 5, 6, 14, 17, 21) and has antimicrobial activity (3, 18) . Its target appears to be the respiratory chain (9, 15, 19) . Since it diffuses rapidly, it is well adapted for use as a food preservative in sealed containers such as silos. It is possible to adjust the dose and duration of fumigation in relation to the pests and microorganisms present. Fumigated stocks are ventilated after use, and this use leaves very little residue. Maximum permitted levels are now set at 0.01 mg/kg (20, 26) when it is used as an insecticide.
This study was designed to evaluate the action of a nonmicrdbicidal dose of phosphine on aflatoxin production. We investigated the toxicity of a nonlethal dose of phosphine on various mold strains isolated from foodstuffs, and we then measured the levels of various aflatoxins produced. It was conceivable that a preservative dose could halt mold growth but nevertheless stimulate toxin synthesis (4).
MATERIALS AND METHODS
Mold strains were cultured on synthetic medium in the presence or absence of phosphine. After extraction and preliminary purification, the aflatoxins produced were analyzed by thin-layer and high-pressure liquid chromatography (HPLC).
Organisms. The different strains which were kindly given by the Department of Microbiology, Institut National de la Santd et de la Recherche Medicale, Le Vesinet, namely, A. flavus, A. parasiticus, A. chevalieri, A. repens, A. ruber, and A. niger, were isolated from various foodstuffs (see Table 2 ). These strains produce various amounts of aflatoxins.
The purity of each strain and its identity were verified by the morphological criteria of Raper and Fennel (23 At the end of the experiment, the tank was opened in a well-ventilated room. Face masks were worn for protection. The flasks were aerated to eliminate phosphine residues.
Measurement of phosphine concentration. The phosphine concentration was measured by using a calibrated bellows pump connected to the tap on the tank. A known volume was pumped through a Draeger tube containing the reagent for phosphine. The intensity of the color reaction was read directly on a graduated scale on the side of the tube.
Cultures. Mold strains were cultured in liquid medium. Flasks (300 or 500 ml) containing 50 ml of medium were stoppered with cotton plugs. One gram of cork powder washed with methanol in a Soxhlet was placed in each flask. The cork powder allowed better development of the molds on the liquid medium. The media were inoculated with 1 ml of spore suspension in water from 1-to 3-week-old cultures of A. flavus, A. parasiticus, A. chevalieri, A. repens, A. ruber, and A. niger and incubated for 21 days at 25°C as stationary cultures. Eight flasks were inoculated for each strain; four flasks were treated and four were not. In each lot, two flasks were used for determination of the dry weight of the mycelium and the other two were used for the aflatoxin assays.
Determination of dry weight of the mycelium. At the end of the experiment, two treated cultures and two control cul- ruber. After exposure to a treatment that was insufficient to halt growth completely, many strains of Aspergillus produced considerably less aflatoxin. With only a few exceptions, the quantities of the four aflatoxins were much reduced by treatment with phosphine. There was a 10-fold reduction for the weakly productive strains and a 100-to 1,000-fold reduction for the more productive strains.
DISCUSSION
The results indicate that, as expected, phosphine not only slowed mold growth but also affected toxin production. Fortunately this effect was seen as an overall reduction in aflatoxin production. These results tend to confirm the value of phosphine as a preserving agent for various foodstuffs. Phosphine has an insecticidal action similar to that of carbamates, which both slow growth and reduce toxin production (10) . However, phosphine poses less of a toxicity problem (7, 8) 
